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Abstract: Mercury is a persistent, toxic heavy metal that can bioaccumulate in organisms, 
causing diseases and other health problems. Wilson’s snipe (Gallinago delicata) feed primarily 
on aquatic invertebrates, which makes them prone to mercury bioaccumulation. In this study, 
we measured total mercury in Wilson’s snipe. Total mercury was measured in the feathers 
and muscle tissue. Mean concentration (ppm ± SE) of mercury was 1.33 (± 0.22) and 0.087 (± 
0.03) in the feathers and muscle tissue, respectively. Mercury concentration was significantly 
higher in feathers than muscle. Our data indicate that Wilson’s snipe, an aquatic-invertebrate 
predator that bioaccumulates mercury from their environment may be a useful biological 
indicator for mercury. 
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One of the more toxic and persistent 
elements found in wetlands is mercury, a 
metal that can cause many environmental and 
health problems, including behavioral and 
reproductive abnormalities in bird species 
(Spalding et al. 1994). Atmospheric deposition 
is one of the major pathways for mercury 
contamination in aquatic ecosystems (Wang et al. 
2004). Once deposited, mercury may transform 
into methylmercury and bind to sediment that 
may be ingested by small organisms, resulting 
in its bioaccumulation within a food chain 
(Bowles et al. 2001). Methylation of mercury can 
be enhanced in wetland ecosystems (St. Louis 
et al. 1994). Due to its bioaccumulative abilities, 
methylmercury is a concern for Wilson’s snipe 
(Gallinago delicata; Figure 1), which primarily 
ingest aquatic invertebrates that live within 
the sediments and feed on organic matter 
(McCloskey et al. 2009).  
Wilson’s snipe are shorebirds that are 
dependent on wetlands for food and habitat. 
They use their long, slender bill to probe into 
the mud in search of small invertebrates (e.g., 
oligochaetes). Birds, such as Wilson’s snipe, 
have been shown to be sensitive to toxins (e.g., 
mercury) in their environment (Wolfe et al. 
1998, Saeki et al. 2000). Wilson’s snipe also is a 
game species and may be a source of mercury 
contamination in humans who consume them. 
Numerous human health problems have been 
associated with mercury exposure (Park and 
Zheng 2012). To assess the level of mercury that 
has potentially accumulated in Wilson’s snipe, 
we ran mercury analysis on the feathers and leg 
muscle tissue of 11 birds. 
Methods
The Swan Creek Wildlife Management Area 
(34.679 N, -87.010 W) in Limestone County, 
Alabama, was utilized for sampling Wilson’s 
snipe. From December 21 to 23, 2011, we 
collected 11 hunter-killed birds for this study. 
Evaluating the prominence of the breast muscle 
and keel, we determined that all the birds 
looked healthy, and none appeared emaciated. 
Harvested birds were placed immediately in 
individual plastic bags and frozen until further 
analysis. Visual observations confirmed that 
the collected birds were adults (Dwyer and 
Dobell 1979). 
We weighed and placed the breast feathers 
into a closed Teflon container with a digestion 
matrix that was a mixture of 6 M ultra-clean 
HCl, 15 M ultra-clean HNO3, and ultra-
pure water. The samples were digested using 
a Chemist Electrical Engineer microwave 
digester and analyzed for mercury using acid 
digestion, sodium borohydride reduction, and 
pre-concentration using gold amalgamation; 
we quantified the samples with cold-vapor 
atomic-fluorescence spectrometry using 
to U. S. Environmental Protection Agency 
Method 7471B (Guentzel and Tsukamoto 
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2001). Snipe muscle tissues were sent to 
Australian Laboratory Services Environmental 
Laboratory in Kelso, Washington, for total 
mercury analysis. Samples were prepared and 
analyzed using cold vapor atomic absorption 
spectrometry. We used descriptive statistics 
and a paired t-test to determine differences 
between the concentrations of total mercury in 
the muscle tissues and feathers. 
Results
The mean concentration (ppm) of mercury in 
the feathers and muscle tissue were 1.33 (± 0.22 
SE) and .087 (± 0.03 SE), respectively. Feathers 
contained a significantly higher amount (t = 
5.69, df = 10, P = 0.001) of mercury compared to 
muscle tissue.
Discussion
Mercury toxicity has been listed as a causative 
agent in declining populations of wetland birds 
(Sundlof et al. 1994). Although methylmercury 
is the most toxic form of mercury and readily 
bioaccumulates in wetlands, all forms of 
mercury are toxic to organisms (St. Louis et 
al. 1994). Because bird feathers accumulate 
mercury, they have been widely used to 
determine a reliable measure of bird mercury 
concentrations (Thompson and Furness 1989). 
Mercury in feathers is stable, and several studies 
(e.g., Vo et al. 2011) have been able to utilize 
museum specimens to examine it in feathers 
over long periods of time. Birds, however, 
can eliminate >90% of mercury by molting 
of feathers with the remainder of mercury 
accumulating in muscles, liver, bone, and fat 
(Burger et al. 1994). Wilson’s snipe completely 
molt their feathers between July and October, 
prior to migrating to their wintering grounds 
(Bent 1927). Their primary breeding grounds 
are the northern United States and Canada, and 
they over-winter in the midwest and southern 
states. Therefore, the mercury in our bird 
feather specimens was obtained primarily from 
food sources within their summer breeding 
grounds, whereas, the mercury in muscle could 
have been garnered within their breeding and 
over-wintering areas. Additionally, birds often 
are used to evaluate mercury bioaccumulation 
in wetland environments (Beyer et al. 1997, 
Frederick et al. 2002). Bioaccumulation of 
mercury in birds, such as Wilson’s snipe, may 
provide a source of mercury to both organisms 
and humans who consume them. 
Mazloomi et al. (2008) examined mercury 
levels in common cormorants (Phalacrocorax 
carbo) in the Caspian Sea and found that levels 
of mercury in feathers also exceeded levels in 
muscle tissue. Dauwe et al. (2003) conducted 
a study on raptors and owls and found that 
mercury levels in feathers accurately reflected 
mercury levels in blood. All of these birds 
contained higher levels of mercury within 
their tissues compared to our study birds. 
Coots (Felicia americana) and mallards (Anas 
platyrhynchos), which share a similar trophic 
level as Wilson’s snipe, were found to have 
similar muscle and feather concentrations 
of mercury to our birds (Anazami et al. 
2011). Although there is conflicting evidence 
regarding how mercury in muscle correlates 
with other tissues (Horaia et al. 2007), overall, 
muscle is thought to be a storage area for 
mercury (Anazami et al. 2011) and is reflective 
of their immediate diet.  
Mercury is dangerous for humans and 
animals even in minute quantities because of 
its ability to bind to enzymes and proteins, 
thus rendering them unable to perform 
bioreactions (Duruibe et al. 2007). Chan et al.’s 
(2003) review of the literature showed that 
numerous bird health problems are associated 
Figure 1. Wilson’s snipe (Gallinago delicata; photo 
by David Ward, courtesy U.S. Fish and Wildlife 
Service).
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with mercury exposure, and chronic, low-
level mercury exposure (in diet) could result 
in behavioral and reproduction anomalies. 
Bioaccumulation of mercury can occur in 
both animals and humans who consume them 
(Duruibe et. al. 2007). Different agencies (e.g. 
WHO, European Union, FDA, etc.) have set 
widely differring “safe” mercury limits for 
food items consumed by humans. However, 
others have argued that even these levels could 
cause mercury poisoning in some people who 
regularly consume contaminated game (Nriagu 
et al. 1992). Increasing knowledge and concern 
about contaminants in self-harvested game 
should be a priority among scientists and other 
management agencies. Although the Wilson’s 
snipe in our study contained mercury levels 
below most acceptable consumption levels, 
our data demonstrated that Wilson’s snipe 
contained moderate levels of mercury in their 
feather and muscle tissues, which suggests 
that mercury is being bioaccumulated in their 
wetland habitat. 
Acknowledgments
This research was funded with support 
from High Point University’s Undergraduate 
Research and Creative Works program. The 
birds were harvested by N. Martin and W. 
Campbell and retrieved by Bayley the Boykin 
spaniel.
Literature cited
Anazami, J., A. Esmaili-Sari, N. Bahramifar, M. 
Ghasempouri, M. Savabieasfahani. 2011. Mer-
cury in liver, kidney, feather and muscle of sea-
birds from major wetlands of the Caspian Sea, 
Iran. Bulletin of Environmental Contaminants 
and Toxicology 86:657–661.
Bent, A. C. 1927. Smithsonian Institution United 
States National Museum Bulletin 142 (Part 1): 
81-98. United States Government Printing Of-
fice, Washington, D.C., USA..
Beyer, W. N., M. Spalding, and D. Morrison 1997. 
Mercury concentrations in feathers of wading 
birds from Florida Ambio 26:97–100.
Bowles, K .C., S. C. Apte, W. A. Maher, M. Kawei, 
and R. Smith. 2001. Bioaccumulation and bio-
magnification of mercury in Lake Murray, Pap-
ua New Guinea. Canadian Journal of Fisheries 
and Aquatic Sciences 58:888–897.
Burger J., M. Pokras, R. Chafel, and M. Gochfeld. 
1994. Heavy metal concentrations in feathers 
of common loons (Gavia immer) in the north-
eastern United States and age differences in 
mercury levels. Environmental Monitoring and 
Assessment 30:1–7.
Chan, H. M., A. M. Scheuhammer, A. Ferran, C. 
Loupelle, J. Holloway, and S. Weech. 2003. 
Impacts of mercury on freshwater fish-eating 
wildlife and humans. Human and Ecological 
Risk Assessment 9:867–883. 
Dauwe, T., L. Bervoets., R. Pinxten., R. Blust, and 
M. Eens. 2003. Variation of heavy metals within 
and among feathers of birds of prey: effects of 
molt and external contamination. Environmen-
tal Pollution Journal 124:429–436.
Duruibe, J. O., M. O. C. Ogwuegbu, and J. N. 
Egwurugwu. 2007. Heavy metal pollution and 
human biotoxic effects. International Journal of 
Physical Sciences 2:112–118.
Dwyer, T. J., and J. V. Dobell. 1979. External de-
termination of age of common snipe. Journal of 
Wildlife Management 43:754–756. 
Frederick, P. C., M. G. ing, and R. Dusek. 2002. 
Wading birds as bioindicators of mercury con-
tamination in Florida, USA: annual and geo-
graphic variation. Environmental Toxicology 
and Chemistry 21:163–167.
Horaia S., I. Watanabeb, H. Takadab, Y. Iwamizuc, 
T. Hayashid, S. Tanabee, and K. Kuno. 2007. 
Trace element accumulations in 13 avian spe-
cies collected from the Kanto area, Japan. Sci-
ence of the Total Environment 373:512–525.
Guentzel, J. L., and Y. Tsukamoto. 2001. Process-
es influencing rainfall deposition of mercury 
speciation and bioconcentration in the North 
Inlet-Winyah Bay Estuary, South Carolina, 
USA. Marine Pollution Bulletin 42:615–619.
Mazloomi, S., A. Esmaeili., S. M. Ghasempoori, 
and A. Omidi. 2008. Mercury distribution in 
liver, kidney, muscle and feathers of Caspian 
Sea common cormorant (Phalacrocorax car-
bo). Research Journal of Environmental Sci-
ence 2:433–437.
McCloskey, J. T., J. E. Thompson, and B. M. Bal-
lard. 2009. Diet composition of wintering Wil-
son’s snipe. Wilson Journal of Ornithology 
121:434–439.
Nriagu, J. O., W. C. Pfeiffer, O. Malm, C. M. Mag-
alhaes De Souza, and G. Mierle. 1992. Mer-
cury pollution in Brazil. Nature 356:389.
276 Human–Wildlife Interactions 9(2)
Park, J. D., and W. Zheng. 2012. Human exposure 
and health effects of inorganic and elemental 
mercury. Journal of Preventive Medicine and 
Public Health 45:344–352. 
Saeki, K., Y. Okabe., E. Y. Kim., S. Tanabe., M. 
Fukuda, and R. Tatsukawa. 2000. Mercury and 
cadmium in common cormorants (Phalacro-
corax carbo). Environmental Pollution Journal 
108:249–255.
Spalding, M. G., R. D. Bjork, G. V. Powell, and S. 
F. Sundlof. 1994. Mercury and cause of death 
in great white herons. Journal of Wildlife Man-
agement 58:735–739.
St. Louis, V. L., J. W. M. Rudd., C. A. Kelly., K. 
G. Beaty., N. S. Bloom, and R. J. Flett. 1994. 
Importance of wetlands as sources of methyl 
mercury to boreal forest ecosystems. Cana-
dian Journal of Fisheries and Aquatic Sciences 
51:1065–1076. 
Sundlof, S. F., M. G. Spalding., J. D.Wentworth, 
and C. K. Steible. 1994. Mercury in livers of 
wading birds (Ciconiiformes) in southern Flor-
ida. Archives of Environmental Contamination 
and Toxicology 27:299–305.
Thompson, D. R., and R. W. Furness. 1989. Com-
parison of levels of total and organic mercury 
in seabird feathers. Marine Pollution Bulletin 
20:577–579.
Vo, A. E., M. S. Bank, J. P. Shine, and S. V. Ed-
wards. 2011. Temporal increase in organic 
mercury in an endangered pelagic seabird 
assessed by century-old museum speci-
mens. Proceedings of the National Academy 
of Sciences of the United States of America 
108:7466–7471.
Wang, Q., D. Kim, D. D. Dionysiou, G. A. Sorial, 
and D. Timberlake. 2004. Sources and reme-
diation for mercury contamination in aquatic 
systems—a literature review. Environmental 
Pollution Journal 131:323–336.
Wolfe, M. F., S. Schwarzbach, and R. A. Sulaiman 
1998. Effects of mercury on wildlife: a compre-
hensive review. Environmental Toxicology and 
Chemistry 17:146–160.
Julie w. MurPhy is a hydrologic techni-
cian for the U.S. Army Corps of Engineers in New 
Orleans. She attended Coastal 
Carolina University in Conway, 
South Carolina, and received 
an M.S. degree in coastal 
marine and wetland studies 
(2011). She also attended 
Shorter University in Rome, 
Georgia, obtaining a B.S. 
degree in biology (2008). Her 
research interests include 
coastal resource manage-
ment, flood control, water 
quality, and toxicology.  
lindsay J. Brooks is a research technician 
at University of North Carolina’s Lineberger Com-
prehensive Cancer Center 
(LCCC), where she assists 
post doctorates and works 
on cancer and aging projects 
with Sharpless lab. She 
graduated from High Point 
University with a B.S. degree 
in biology (2014). She began 
working at LCCC in Janu-
ary 2015. Her chief area of 
interest is human emerging 
infectious diseases, and 
she hopes to continue her education in the fields of 
microbiology and immunology.  
Joshua w. CaMPBell was a professor in the 
biology department at High Point University,North 
Carolina, but has recently 
begun working at the 
University of Florida. He 
received his B.S. degree 
in zoology/geology (1999) 
from Auburn University, 
M.S. degree in geoscience 
(2001) from University of 
Nebraska–Lincoln, and his 
Ph.D degree in entomology 
(2005) from the University 
of Georgia. He has studied 
a variety of wildlife and 
insect issues related to human resource use.  
